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Preface 


The  investigation  described  in  this  report  was  conducted  for  the  Federal 
Highway  Administration  under  the  oversight  of  Mr.  Thomas  Pasko,  Jr., 
Director,  Office  of  Advanced  Research.  The  work  was  funded  under 
authority  granted  in  Federal  Highway  Administration  Form  DOT  F  2300.1, 
agreement  No.  DTFH61-94-Y-00070.  The  funds  for  publication  of  this  report 
were  provided  by  the  Concrete  Technology  Information  Analysis 
Center  (CTIAC);  this  is  CTIAC  Report  No.  90. 

The  research  was  performed  at  the  U.S.  Army  Engineer  Waterways 
Experiment  station  (WES),  Structures  Laboratory  (SL),  under  the  general 
supervision  of  Messrs.  Bryant  Mather,  Director,  SL;  James  T.  Ballard, 
Assistant  Director,  SL;  and  Dr.  Tony  C.  Liu,  Acting  Chief,  Concrete 
Technology  Division  (CTD),  SL.  Direct  supervision  was  provided  by 
Mr.  Steven  A.  Ragan,  Chief,  Engineering  Mechanics  Branch  (EMB),  CTD. 
The  Principal  Investigators  were  Messrs.  Billy  D.  Neeley,  EMB,  and  Tony  B. 
Husbands,  Engineering  Sciences  Branch  (ESB).  The  concrete  mixtures  were 
proportioned  by  Mr.  Neeley  and  Mr.  William  D.  Kirkpatrick,  Ash  Bonding 
Chemicals  (ABC)  Corporation.  The  concrete  mixtures  were  batched,  mixed, 
and  tested  for  fresh  properties  by  Messrs^  Neeley,  Mike  Lloyd,  and  Jimmy 
Hall,  EMB,  and  Mr.  Kirkpatrick,  ABC  Corp.  Compressive  strength  and 
freezing-and-thawing  tests  were  conducted  by  Messrs.  Lloyd  and  Hall. 

Chloride  permeability  tests  were  conducted  by  Mrs.  Linda  Mayfield  and 
Ms.  Bobbie  Guerrero,  EMB.  Length  change  measurements  were  made  by 
Messrs.  Melvin  Sykes  and  Ron  Robinson,  ESB.  This  report  was  prepared  by 
Mr.  Neeley. 

At  the  time  of  preparation  of  this  report.  Director  of  WES  was 
Dr.  Robert  W.  Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


The  contents  of  this  report  are  not  to  be  used  for  advertising ,  publication , 
or  promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
official  endorsement  or  approval  of  the  use  of  such  commercial  products. 


Conversion  Factors, 
Non-SI  to  SI  Units  of 
Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  units 
as  follows: 


Multiply 

By 

To  Obtain 

cubic  feet 

0.02831685 

cubic  metres 

cubic  yards 

0.7645549 

cubic  metres 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  kelvins1 

fluid  ounces  per  cubic  yard 

38.6738 

millilitres  per  cubic  metre 

fluid  ounces 

29.57353 

millilitres 

inches 

25.4 

millimetres 

pounds  (force) 

4.448222 

newtons 

pounds  (force)  per  square  inch 

0.006894757 

megapascals 

pounds  (mass) 

0.45359237 

kilograms 

pounds  (mass)  per  cubic  foot 

16.01846 

kilograms  per  cubic  metre 

pounds  (mass)  per  cubic  yard 

0.5932764 

kilograms  per  cubic  metre 

1  To  obtain  Celsius  (C)^Temperature  readings  from  Fahrenheit  (F)  readings,  use  the 
following  formula:  C  =  (5/9)  (F  -  32).  To  obtain  kelvin  (K)  readings,  use  K  =  (5/9)  (F  -  32) 

+  273.15. 

Preliminary  Investigation  of  Ash 
Bonding  Chemicals  Corporation 
Cement  in  High-Early  Strength 
Concrete 


The  Federal  Highway  Administration  requested  that  the  U.S.  Army 
Engineer  Waterways  Experiment  Station  (WES)  test  concrete  mixtures 
produced  with  the  cementitious  material  from  Ash  Bonding  Chemicals 
Corporation  (ABC  Corp.).  Two  cementitious  materials  from  ABC  Corp. 
were  included  in  the.  study.  Concrete  mixtures  produced  with  Type  III 
Portland  cement,  including  a  water-reducing  admixture  (WRA)  and  a  high- 
range  water-reducing  admixture  (HRWRA),  were  tested  for  comparison.  A 
test  matrix  is  shown  in  Table  1. 


Table  1 

Test  Matrix 

Type 

Cement1 

Cement, 

pcy 

Type2 

Coarse 

Aggregate 

NMS 

Coarse 

Aggregate, 

in. 

Air 

Content, 

% 

Slump, 

in. 

w/c3 

No.  of 

Replicate 

Batches 

ABC1 

752 

LS 

3/4 

6  ±  0.5 

4  ±  1 

NS 

3 

ABC! 

752 

N 

1 

5.5  ±  0.5 

4  ±  1 

NS 

3 

ABC2 

752 

LS 

3/4 

6  ±  0.5 

4  ±  1 

NS 

3 

ABC2 

752 

N 

1 

5.5  ±  0.5 

4  ±  1 

NS 

3 

PC  III 

752 

LS 

3/4 

6  ±  0.5 

4  ±  1 

0.4  max 

3 

PC  III 

752 

N 

1 

5.5  ±  0.5 

4  ±  1 

0.4  max 

3 

^  ABC1  *  Fly  ash  source:  Southwestern  Electric  Power,  Gentry,  AR 

ABC2  -  Fly  ash  source:  Kansas  Power  &  Light,  St.  Mary's,  KS 

PCIII  -  Type  III  portland  cement 

2  LS  -  Crushed  limestone 

N  *  Natural  siliceous  river  gravel 

3  NS  -  Not  specified 
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ABC  cement  is  a  new,  high-early  strength,  blended  hydraulic  cement. 

Both  the  material  composition  and  die  mixing  process  have  been  patented. 
However,  the  owners  of  the  patent,  who  are  also  the  owners  of  ABC  Corp., 
state  that  they  intend  to  make  the  technology  available  to  the  producers, 
marketers,  and  users  of  the  subbituminous  fly  ash.  According  to  ABC  Corp., 
the  ABC  cementitious  material  is  composed  primarily  of  subbituminous  Class 
C  fly  ash.  The  Class  C  fly  ash  generally  makes  up  77  to  95  percent  by 
weight  of  the  total  material.  The  remaining  part  can  be  slag  and/or  portland 
cement.  Four  readily  available  chemical  compounds  are  used  in  small 
quantities  to  control  the  workability  and  setting  time  of  the  cementitious 
material,  to  enhance  the  strength,  and  improve  the  durability.  These 
admixtures  are  a  set-suspending  agent,  an  activator  (A),  a  modifying  retarder 
(B),  and  an  accelerator  (C).  The  set-suspending  agent  is  added  to  the  ABC 
cementitious  material  before  it  is  mixed  with  water.  ABC  Corp.  reports  that  a 
mixture  of  ABC  cementitious  material,  water,  and  the  set-suspending  agent 
has  been  held  in  a  plastic  state  for  up  to  two  weeks.  The  set-suspension  can 
then  be  terminated  with  the  addition  of  the  A,  B,  and  C  admixtures.  The 
order  in  which  these  admixtures  are  added  and  their  respective  quantities 
influence  the  working  time  and  early-strength  development  of  the  hardened 
material.  According  to  ABC  Corp.,  when  all  three  admixtures  are  added 
simultaneously,  their  quantities  can  be  adjusted  to  provide  whatever  working 
time  the  customer  desires.  If  the  three  admixtures  are  added  individually  in 
the  order  B,  C,  A,  the  working  time  is  purported  to  be  shortened.  Or,  if  the 
three  admixtures  are  added  individually  in  the  order  B,  A,  C,  the  working 
time  is  purported  to  be  lengthened. 

A  representative  of  ABC  Corp.  visited  the  WES  on  11-14  Jul  94  during 
which  time  he  worked  with  our  staff  to  proportion  and  mix  concrete  mixtures 
using  the  ABC  cementitious  material.  ABC  cementitious  material  from  two 
fly  ash  sources  in  sufficient  quantity  to  produce  27  batches  of  concrete  was 
delivered  to  WES.  The  goal  for  the  effort  during  this  week  was  to  establish 
the  initial  mixture  proportions  for  the  ABC  mixtures.  This  was  the  first  time 
large  batches  of  concrete  mixtures  had  been  produced  using  the  ABC 
materials.  The  primary  developmental  work  conducted  by  ABC  Corp.  had 
been  with  mortars  without  air  entrainment.  Therefore,  the  appropriate  amount 
of  set-suspending  agent,  A,  B,  and  C,  had  to  be  determined  for  the  concrete 
mixtures.  Also,  the  concrete  mixtures  had  to  be  air  entrained.  Ten  batches  of 
concrete  were  produced  and  tested  for  fresh  properties  during  this  week.  The 
ABC  Corp.  representative  was  responsible  for  determining  the  amount  of  set- 
suspending  agent,  A,  B,  and  C.  A  member  of  our  staff  calculated  the 
proportions  of  cementitious  material,  fine  aggregate,  coarse  aggregate,  water, 
and  AEA.  In  nine  of  the  batches  the  A,  B,  and  C  admixtures  were  added  to 
the  concrete  simultaneously.  A  brief  summary  of  the  information  learned 
during  this  week  is  as  follows: 

a.  The  dosages  of  set-suspending  agent,  A,  B,  and  C,  cannot  be  translated 
directly  from  mortars  to  concrete. 
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b.  We  were  unable  to  entrain  air  using  a  neutralized  Vinsol  resin  air- 
entraining  admixture  (AEA).  Air  was  entrained  using  a  synthetic 
AEA,  Micro-Air,  made  by  Master  Builders,  Inc.,  Cleveland,  OH.  The 
dosage  of  AEA  required  is  higher  than  typical  for  concrete  made  with 
Type  I  portland  cement  but  similar  to  that  required  for  concrete  made 
with  Type  III  portland  cement. 

c.  It  appears  that  air  can  be  entrained  by  charging  the  AEA  with  the 
mixing  water  in  accordance  with  ASTM  C  192  or  by  adding  the  AEA 
directly  to  the  freshly  mixed  concrete  after  the  A,  B,  and  C 
admixtures. 

d.  The  working  time  of  the  fresh  concrete  can  be  changed  by  adjusting 
the  amount  of  the  set-suspending  agent,  A,  B,  and  C. 

e.  The  entrained  air  appears  to  become  less  stable  when  the  concrete 
remains  plastic  for  extended  periods  of  time  (1-1/2  hours  or  more) 
after  all  admixtures  have  been  mixed  into  the  concrete. 

The  ABC  Corp.  representative  returned  to  WES  on  8-11  Aug  94  during 
which  time  concrete  was  produced  using  the  two  ABC  Corp.  cementitious 
materials  and  two  different  coarse  aggregates,  a  19.0  mm  (3/4-in.)  nominal 
maximum  size  (NMS)  crushed  limestone  and  a  25.0-mm  (1-in.)  NMS  natural 
river  gravel.  Test  reports  describing  the  two  coarse  aggregates  and  the  fine 
aggregate  are  given  in  Plates  1-3.  Again,  the  ABC  Corp.  representative  was 
responsible  for  determining  the  amount  of  set-suspending  agent,  A,  B,  and  C. 
A  member  of  our  staff  was  responsible  for  determining  the  proportions  of 
cementitious  material,  fine  aggregate,  coarse  aggregate,  water,  and  AEA. 

Each  1.5-cu  ft  batch  was  initially  mixed  according  to  ASTM  C  192.  At  the 
end  of  the  specified  mixing  sequence,  the  A,  B,  and  C  admixtures  were 
premixed  and  added  to  the  fresh  concrete.  Mixing  then  continued  for  an 
additional  10  min,  after  which -the  concrete  was  discharged  from  the  mixer 
and  the  fresh  properties  measured.  The  AEA  was  added  with  the  mixing 
water  in  all  mixtures.  The  test  matrix  (Table  1)  called  for  12  concrete 
mixtures  using  the  two  ABC  cementitious  materials  and  the  two  coarse 
aggregates.  However,  over  the  course  of  the  week,  18  mixtures  were 
produced.  The  extra  mixtures  were  produced  because  the  fresh  properties  of 
some  of  the  mixtures  did  not  meet  the  specified  requirements  for  slump  and 
air  content  (Table  1).  During  the  week  15-18  Aug  94,  our  staff  produced  two 
additional  mixtures  using  the  ABC  Corp.  cementitious  material  and  seven 
mixtures  using  a  Type  III  portland  cement  with  WRA  and  HRWRA  and  the 
two  coarse  aggregates.  The  A,  B,  and  C  admixtures  were  added  individually 
in  the  two  mixtures  (GL5  and  GL6)  produced  with  the  ABC  Corp. 
cementitious  materials,  after  the  initial  mixing  sequence  according  to  ASTM 
C  192.  The  concrete  was  mixed  3-1/2  minutes  after  addition  of  each 
admixture.  The  seven  mixtures  produced  with  Type  III  portland  cement  were 
mixed  according  to  ASTM  C  192.  The  concrete  mixture  proportions  for  all 
27  mixtures  are  given  in  Table  2. 
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The  fresh  properties  measured  on  the  concrete  mixtures  were  slump 
(ASTM  C  143),  unit  weight  (ASTM  C  138),  air  content  (ASTM  C  231), 
temperature  (ASTM  C  1064),  and  time  of  setting  (ASTM  C  403).  The  test 
results  are  given  in  Table  3.  Upon  examination  of  the  fresh  properties  data, 
the  following  observations  can  be  made: 

a.  Concrete  can  be  produced  with  the  ABC  Corp.  cementitious  material 
having  fresh  properties  similar  to  those  of  concrete  produced  with  Type 
III  portland  cement,  WRA,  and  HRWRA. 

b.  The  setting  time  of  concrete  made  with  the  ABC  Corp.  cementitious 
materials  can  be  controlled  by  adjusting  the  dosages  of  the  set- 
suspending  agent.  A,  B,  and  C.  The  specified  range  for  this 
investigation  was  for  a  final  set  in  60  to  90  min.  Mixtures=GL4,  GL5, 
GL6,  GN1,  GN2,  GN4,  KL2,  KL3,  KL5,  KN2,  and  KN3  met  this 
requirement.  Mixtures  GL1.  GL2,  and  GL3,  had  a  longer  setting 
time.  Notice  that  when  the  set-suspending  agent  and  B  were  reduced 
in  the  three  subsequent  mixtures,  the  setting  time  was  shortened. 
Likewise,  mixture  KL1  had  a  delayed  setting.  In  this  case  a  reduction 
in  B  shortened  the  setting  time  in  the  four  subsequent  mixtures.  The 
opposite  effect  can  be  seen  in  the  KN  mixtures.  Mixture  KN1  had  a 
setting  time  that  was  too  quick.  An  increase  in  B  for  mixture  KN2  and 
a  decrease  in  A  and  C  for  mixtures  KN3  and  KN4  delayed  the  setting 
time. 

c.  The  amount  of  AEA  required  to  entrain  an  appropriate  amount  of  air 
into  the  concrete  mixtures  produced  with  the  ABC  Corp.  cementitious 
material  was  different  for  the  two  fly  ash  sources.  Approximately  50 
percent  more  AEA  was  required  to  entrain  air  in  concrete  produced 
with  the  fly  ash  from  Gentry,  AR,  than  was  required  to  entrain  air  in 
concrete  made  with  the  fly  ash  from  St.  Marys,  KS.  The  dosage  of 
AEA  required  to  entrain  air  in  the  mixtures  produced  with  Type  III 
Portland  cement,  WRA,  and  HRWRA  was  between  those  needed  for 
the  two  ABC  Corp.  materials. 

d.  There  was  more  variation  in  the  slump  and  air  content  for  the  mixtures 
produced  with  the  two  ABC  Corp.  materials  than  for  the  mixtures 
produced  with  the  Type  III  portland  cement,  WRA,  and  HRWRA. 

Part  of  this  variation  might  be  attributed  to  inexperience,  both  ours  and 
the  ABC  Corp.  representative’s,  in  producing  concrete  mixtures  using 
the  ABC  Corp.  cementitious  materials.  As  stated  in  paragraph  2 
above,  developmental  work  previously  done  by  ABC  Corp.  had 
primarily  been  with  mortars  and  without  air  entrainment.  It  appears 
that  there  may  be  some  interaction  between  the  various  admixtures,  as 
well  as  reaction  to  different  charging  sequences  for  the  admixtures,  that 
we  do  not  yet  fully  understand.  A  few  unexpected  test  results  can 
likely  be  attributed  to  this.  For  example,  notice  the  slump  and  air 
content  for  mixtures  GL4,  GL5,  and  GL6.  The  mixture  proportions 
are  identical  except  for  a  small  change  in  the  AEA  for  mixture  GL5. 
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Table  3 

Fresh  and  Hardened  Properties 
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Mixture  flash  set  before  specimens  could  be  made.  4  After  28  days  of  moist  curing  followed  by  28-day  curing  at  50%  Rh;  {-)  indicates 

_ _  shrinkage. 


However,  the  charging  sequence  for  the  A,  B,  and  C  admixtures  was 
different  in  each  case.  A,  B,  and  C  were  premixed  and  added  to  the 
concrete  simultaneously  in  mixture  GL4.  In  mixtures  GL5  and  GL6, 
the  A,  B,  and  C  admixtures  were  added  individually  with  3.5  min 
mixing  time  between  each  addition.  The  order  of  addition  for  mixture 
GL5  was  B,  A,  C,  and  for  GL6,  the  order  of  addition  was  B,  C,  A. 
While  the  different  charging  sequence  for  A,  B,  and  C  produced  an 
expected  reaction  in  the  time  of  setting  (longer  for  order  B,  A,  C 
(GL5)  and  shorter  for  order  B,  C,  A  (GL6)),  such  large  changes  in  the 
slump  and  air  content  were  unexpected.  Based  upon  this  one 
comparison,  it  appears  that  the  order  that  the  A,  B,  and  C  admixtures 
are  added  can  have  a  significant  influence  on  the  slump  and  air  content 
of  the  fresh  concrete.  Similar  observations  made  on  mixtures  KL3, 
KL4,  and  KL5  also  support  this  conclusion.  All  three  mixtures  have 
identical  mixture  proportions  except  for  a  small  change  in  the  AEA. 
The  A,  B,  and  C  admixtures  were  added  simultaneously  to  each 
mixture.  While  mixtures  KL3  and  KL5  had  similar  fresh  properties, 
mixture  KL4  was  quite  different;  the  air  content  was  high  and  the 
mixture  flash  set  in  approximately  15  min.  Afterwards,  the  ABC 
Corp.  representative  reafizedthat  he  had  not  premixed  the  A,  B,  and  C 
admixtures  before  they  were  added  to  the  concrete.  Again,  this 
supports  the  conclusion  that  the  order  of  addition  of  the  A,  B,  and  C 
admixtures  can  have  a  significant  influence  on  the  fresh  properties  of 
the  concrete. 

e.  The  combination  of  the  A  and  C  admixtures  together  results  in  a 

powerful  water-reducing  effect.  This-water-reducing  effect  allows  very 
low  water-cement  ratios  (w/c)  to  be  used,  approximately  0.22  for  the 
mixtures  in  this  investigation.  As  was  previously  noted,  the  manner  in 
which  these  two  admixtures  are  charged  into  the  concrete  can  have  a 
significant  effect  on  their  water-reducing  properties,  as  reflected  by  the 
slump.  Due,  in  part,  to  the  very  low  w/c,  the  concrete  mixtures 
remain  very  cohesive  even  at  high  slumps. 

Specimens  were  also  fabricated  from  each  mixture  to  determine  hardened 
properties.  Six  4-in.-diam  by  8-in. -high  (102-  by  204-mm)  cylindrical 
specimens  were  fabricated  (ASTM  C  192)  from  each  batch  to  determine 
compressive  strength  (ASTM  C  39)  at  1.7,  and  28  days  age.  The  specimens 
were  removed  from  their  molds  at  1  day  age  and  stored  in  a  moist-curing 
room  meeting  the  requirements  of  ASTM  C  51 1  until  time  of  test.  One  4-in.- 
diam  by  8-in. -high  (102-  by  204-mm)  cylindrical  specimen  was  fabricated 
(ASTM  C  192)  from  each  batch  to  determine  the  concrete’s  ability  to  resist 
chloride  ion  penetration  (ASTM  C  1202).  The  specimen  was  removed  from 
its  mold  at  1  day  age  and  stored  in  a  moist-curing  room  meeting  the 
requirements  of  ASTM  C  51 1  until  approximately  25  days  age.  At  that  time  a 
2-in.  (50-mm)  slice  was  cut  from  the  top  of  each  specimen  to  be  tested.  The 
chloride  ion  penetration  test  was  conducted  on  each  specimen  at  an  age  of 
29+1  days  age.  One  3-1/2-  by  4-1/2-  by  16-in.  (89-  by  114-  by  406-mm) 
prism  was  fabricated  (ASTM  C  192)  from  each  batch  to  determine  frost 
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resistance  (ASTM  C  666,  Procedure  A).  Each  specimen  was  removed  from 
its  mold  at  1  day  age  and  stored  in  lime-saturated  water  in  a  moist-curing 
room  meeting  the  requirements  of  ASTM  C  511  for  14  days.  Tests  for  frost 
resistance  were  initiated  at  14  days  age.  The  nominal  freezing-and-thawing 
cycle  of  lowering  the  temperature  from  40  to  0  °F  (4.4  to  -17.8  °C)  and 
raising  it  from  0  to  40  °F  (-17.8  to  4.4  °C)  required  2  hr.  The  relative 
dynamic  modulus  and  mass  of  each  test  specimen  was  measured  at  regular 
intervals.  Testing  was  continued  until  one  of  the  following  conditions 
occurred:  (a)  the  relative  dynamic  modulus  of  elasticity  (Relative  E)  reached 
60  percent,  or  (b)  300  freezing-and-thawing  cycles  were  accomplished.  The 
durability  factor  was  calculated  after  completion  of  the  test.  One  3-  by  3-  by 
10-in.  (76-  by  76-  by  254-mm)  unrestrained  prism  was  fabricated  (ASTM  C 
192)  from  each  batch  to  determine  drying  shrinkage  (ASTM  C  157).  Each 
specimen  was  removed  from  its  mold  at  1  day  age  and  cured  in  lime-saturated 
water  in  a  moist-curing  room  meeting  the  requirements  of  ASTM  C  51 1  for 
28  days.  The  length  change  was  determined,  and  the  specimens  were 
subsequently  placed  in  air  storage  at  50  percent  relative  humidity  for  an 
additional  28  days.  Length  change  measurements  were  made  at  7,  14,  and  28 
days  after  the  air  storage  began.  All  test  results  are  given  in  Table  3. 

Upon  examination  of  the  hardened  properties  data,  the  following 
observations  can  be  made: 

a.  Concretes  produced  with  the  ABC  Corp.  cementitious  material  can 
achieve  high  compressive  strengths  at  1,7,  and  28  days  age. 
Compressive  strengths  at  these  ages  were  similar  to  those  of  concrete 
produced  with  the  Type  III  portland  cement  containing  WRA  and 
HRWRA.  The  compressive  strengths  typically  ranged  from  3,500  to 
4,500  psi  (24.1  to  31.0  MPa)  at  1  day  age  and  6,000  to  8,000  psi 
(41 .4  to  55.2  MPa)  at  28  days  age.  Although  not  shown  in  Table  3, 
mixture  GL6  had  a  compressive  strength  of  1,540  psi  (10.6  MPa)  at  an 
age  of  4  hours.  Only  mixture  GL6  was  tested  prior  to  1  day  age. 

Plots  of  the  compressive  strengths  for  mixtures  GL,  GN,  KL,  KN,  PL, 
and  PN  are  shown  in  Figures  1-6.  A  plot  of  the  average  compressive 
strength  for  each  mixture  is  shown  in  Figure  7.  As  with  any  concrete 
mixture,  the  entrained  air  content  has  a  noticeable  effect  upon  the 
compressive  strength.  This  is  especially  evident  in  mixtures  GN1, 
KL1,  and  KN1.  These  mixtures  have  unnecessarily  high  air  contents 
which  result  in  compressive  strengths  lower  than  typical  for  those  sets 
of  mixtures.  The  ABC  Corp.  representative  indicated  that  the  amount 
of  set-suspending  agent  A,  B,  and  C  admixtures  should  also  have  an 
effect  on  the  compressive  strength.  However,  there  are  insufficient 
data  in  this  investigation  to  verify  this  claim. 

b.  Most  mixtures  produced  with  the  19.0-mm  (3/4-in.)  NMS  crushed 
limestone  coarse  aggregate  exhibited  good  frost  resistance.  The 
durability  factor  of  all  GL  mixtures  was  above  80  percent,  indicating 
good  frost  resistance.  Even  mixture  GL5,  which  had  only  3.0  percent 
air  content,  had  a  durability  factor  of  82  percent.  Although  not  quite 
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as  good  as  the  GL  mixtures,  most  of  the  KL  and  PL  mixtures  also 
exhibited  good  frost  resistance;  exceptions  were  mixtures  KL1,  KL3, 
and  PL1 .  The  poor  performance  of  mixture  PL1  can  be  attributed  to  a 
low  entrained  air  content  (4.0  percent).  It  is  not  clear  why  mixtures 
KL1  and  KL3  performed  poorly.  Plots  of  the  test  results  for  mixtures 
GL,  KL,  and  PL  are  shown  in  Figures  8-10. 

c.  None  of  the  mixtures  produced  with  the  25.0-mm  (1-in.)  NMS  natural 
siliceous  river  gravel  exhibited  good  frost  resistance.  This  result  was 
not  unexpected.  The  severity  of  the  freezing-and-thawing  exposure  in 
the  vicinity  of  Vicksburg,  MS,  is  mild.  Hence,  since  it  has  long  been 
known  that  local  gravels  make  concrete  of  very  low  durability  factor 
when  tested  according  to  ASTM  C  666,  Procedure  A,  such  tests  are 
now  rarely  performed.  Buck  ( 1 972, 1  1976",  1976A3),  in  connection 
with  research  on  recycled  concrete,  made  such  tests  on  properly  air- 
entrained  concrete  using  as  aggregate  local  gravel  and  the  laboratory 
reference  crushed  limestone  and  crushed  concrete  in  which  each  had 
been  used.  Two  sets  of  tests  were  made  using  local  gravel.  The 
results  were: 


DFE  300 

Local  Gravel 

Crushed  Limestone 

As  aggregate 

As  crushed  concrete 

As  aggregate 

As  crushed 

concrete 

Test  1 

Test  2 

Test  1 

Test  2 

62 

45 

3 

15 

73 

SO 

Therefore,  these  test  results  should  not  reflect  negatively  on  either  of 
the  three  cementitious  materials  used.  Plots  of  the  test  results  for 
mixtures  GN,  KN,  and  PN  are  shown  in  Figures  11-13.  The  average 
frost  resistance  for  the  six  mixtures  is  shown  in  Figure  14. 

d.  Concretes  produced  with  the  ABC  Corp.  cementitious  materials 

exhibited  better  resistance  to  the  passage  of  chloride  ions  than  concrete 
produced  with  Type  III  portland  cement.  The  charge  passed  through 


1  Buck,  Alan  D.  1972.  "Recycled  Concrcle,"  WES  MPC-72-14,  35  pp,  U.S.  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg.  MS. 

2  Buck,  Alan  D.  1976.  “Recycled  Concrete  as  a  Source  of  Aggregate,”  WES  MP  C-76-2, 

17  pp,  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS.  (Also  published 
by  ASTM) 

3  Buck,  Alan  D.  1976 A.  “Recycled  Concrete  as  a  Source  of  Aggregate,”  WES  MP  C-76-2, 
Report  2,  "Additional  Investigations,"  27  pp,  U.S.  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  MS. 
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concretes  produced  with  the  ABC  Corp.  cementitious  materials 
generally  ranged  from  approximately  700  to  1,500  coulombs  during  a 
6-hr  test  period.  Qualitatively,  mixtures  GL,  GN,  and  KN  exhibited 
low  chloride  ion  penetrability  while  mixture  KL  exhibited  very  low 
chloride  ion  penetrability.  In  comparison,  the  charge  passed  through 
the  two  concretes  produced  with  Type  III  portland  cement,  WRA.  and 
HRWRA  generally  ranged  from  approximately  2,500  to  3,000 
coulombs  during  a  6-hr  test  period.  Qualitatively,  mixtures  PL  and  PN 
exhibited  moderate  chloride  ion  penetrability.  The  better  performance 
of  the  GL,  GN,  KL.  and  KN  mixtures  is  probably  due  to  the  very  low 
w/c  used.  Plots  of  individual  and  average  test  results  for  each  mixture 
are  shown  in  Figures  15-20. 

e.  Concretes  produced  with  the  ABC  Corp.  cementitious  materials 
exhibited  less  drying  shrinkage  than  concrete  produced  with  Type  III 
portland  cement.  All  concrete  mixtures  tested  exhibited  expansion 
varying  from  approximately  0.005  to  0.015  percent  after  curing 
28  days  in  a  moist  environment.  Upon  curing  thereafter  an  additional 
28  days  at  50  percent  relative  humidity,  the  GL  and  GN  mixtures 
exhibited  shrinkage  back  to  almost  a  neutral  condition;  the  KL  and  KN 
mixtures  exhibited  only  minimal  shrinkage  and  maintained  an 
expansion  of  approximately  0.005  to  0.01,  while  the  PL  and  PN 
mixtures  exhibited  0.01  to  0.015  percent  shrinkage  at  the  end  of  the 
test  period.  The  shrinkage  of  the  PL  and  PN  concretes  is  typical  of 
portland-cement  concretes.  The  length  change  of  the  GL,  GN,  KL, 
and  KN  concretes  is  more  like  that  of  shrinkage-compensating  cement 
mixtures.  Further  research  is  needed  to  determine  the  source  of  the 
shrinkage-compensating  action.  Plots  of  the  test  results  for  mixtures 
GL,  GN,  KL,  KN.  PL,  and  PN  are  shown  in  Figures  21-26.  A  plot  of 
the  average  length  change  for  each  mixture  is  shown  in  Figure  27. 

The  two  ABC  Corpt -cementitious  materials  were  tested  for  density,  percent 
retained  on  the  45 -/xm  (No.  325)  sieve,  moisture  content,  and  loss  on  ignition. 
The  test  results  are  given  in  Plates  4  and  5.  The  portland  cement  was  tested 
for  full  compliance  with  ASTM  C  150,  Type  III.  The  test  results  are  given  in 
Plate  6. 

Based  on  this  brief  preliminary  investigation,  the  following  conclusions 
appear  warranted: 

a.  Concrete  produced  with  the  ABC  Corp.  cementitious  material  has  an 
advantage  of  being  able  to  adjust  the  setting  time  of  the  concrete  to 
whatever  is  appropriate  for  a  given  application  (better  control  than 
Type  III  portland-cement  concrete  with  WRA  and  HRWRA),  low  to 
very  low  chloride  permeability  (better  than  Type  III  portland-cement 
concrete  with  WRA  and  HRWRA),  good  frost  resistance  even  with  low 
air  contents  (better  than  Type  III  portland-cement  concrete  with  WRA 
and  HRWRA).  minimal  shrinkage  at  early  ages  (better  than  Type  III 
portland  cement  concrete  with  WRA  and  HRWRA),  and  high  1-,  7-, 
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and  28-  day  compressive  strengths  (similar  to  Type  III  portland-cement 
concrete  with  WRA  and  HRWRA). 

b.  Concrete  produced  with  the  ABC  Corp.  cementitious  material  has  the 
disadvantage  that  the  fresh  properties  of  the  concrete  are  more  variable 
than  those  of  concrete  produced  with  Type  III  portland  cement.  This 
points  to  the  need  for  additional  research. 

c.  Concrete  produced  with  the  ABC  Corp.  cementitious  material  has  the 
advantage  that  it  is  composed  mainly  of  Class  C  fly  ash,  a  waste 
product.  Fly  ash  is  less  expensive  than  portland  cement,  and, 
according  to  the  ABC  representative,  the  total  cost  of  a  high-early 
strength  concrete  produced  with  the  ABC  Corp.  cementitious  material 
and  admixtures  can  be  less  expensive  than  a  high-early  strength 
concrete  produced  with  Type  III  portland  cement  with  HRWRA, 
especially  in  high-cost  markets.  Use  of  the  fly  ash  also  has  a  positive 
impact  on  the  environment. 

d.  Concrete  produced  with  the  ABC  Corp.  cementitious  material  has  the 
disadvantage  that  additional  equipment  would  be  required  on  truck 
mixers  to  discharge  the  A,  B,  C,  and  possibly  AEA  into  the  mixing 
drum  at  the  placement  site.  The  concrete  producer’s  personnel  would 
have  to  be  instructed  in  the  use  of  the  total  ABC  Corp.  system.  The 
admixture  requirements  would  likely  vary  from  concrete  producer  to 
concrete  producer,  depending  upon  his  sources  of  fly  ash  and  portland 
cement.  While  the  expense  of  purchasing  and  installing  the  equipment, 
training  personnel,  and  establishing  mixture  proportions  would  be  a 
disadvantage  initially,  once  the  system  was  in  operation  the  flexibility 
gained  could  become  an  advantage. 

c\  The  ABC  Corp.  cementitious  material  appears  to  be  a  possible 
alternative  to  Type  III  portland  cement  for  producing  a  high-early 
strength  concrete.  However,  the  interaction  of  the  complete  ABC 
Corp.  system  tor  producing  concrete  is  not  yet  fully  understood. 
Comprehensive  research  needs  to  he  conducted  to  determine  the 
amount  ot  each  admixture  necessary  to  produce  concrete  having  a 
given  set  ot  properties.  Since  there  are  numerous  variables  involved, 
such  as  source  and  amount  of  fly  ash,  source  and  amount  of  cen  ent  or 
slag,  set-suspending  agent  A,  B,  and  C  admixtures,  AEA,  temp. . 'attire, 
batch  size,  period  ot  time  before  the  A,  B.  and  C  admixtures  are  added 
to  the  concrete,  and  order  ot  addition  ot  A,  B,  and  C  admixtures,  to 
name  a  few,  this  will  not  be  a  simple  task.  Yet,  with  the  knowledge 
that  the  system  will  work,  completing  development  of  the  system 
seems  attainable  given  systematic  research.  The  goal  should  be  to 
develop  appropriate  models  from  which  user  friendly  nomographs  or 
databases  can  be  developed  that  will  enable  a  producer  to  quickly  and 
easily  determine  the  amount  of  each  component  in  the  system  to  use  in 
any  reasonable  situation.  Also,  a  more  rigorous  research  program 
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should  investigate  long-term  mechanical  properties,  durability,  and 
analysis  of  the  concrete  microstructure. 
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Figure  1 .  Compressive  strength  of  GL  mixture 


Figure  4.  Compressive  strength  of  KN  mixture 
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Figure  5.  Compressive  strength  of  PL  mixture 
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Figure  7.  Average  compressive  strength 
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Figure  8.  Frost  resistance  of  GL  mixture 


RELATIVE 


FROST  RESISTANCE 

MIXTURE  -  KL 


Figure  9.  Frost  resistance  of  KL  mixture 
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Figure  10.  Frost  resistance  of  PL  mixture 


Figure  1 1 .  Frost  resistance  for  GN  mixture 
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Figure  15.  Chloride  permeability  of  GL  mixture 


CHARGE  PASSED,  Coulombs 


4500- 


CHLORIDE  PERMEABILITY 

MIXTURE  -  GN 


4000- 


3500- 


3000- 


MODERATE 


2500- 


2000- 


1500- 


1000- 


1726 


1494 


GN3  GN4 

MIXTURE  NUMBER 


LOW  | 


'NEGLIGBLE 


Figure  16.  Chloride  permeability  of  GN  mixture 
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Figure  19.  Chloride  permeability  of  PL  mixture 
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Figure  20.  Chloride  permeability  of  PN  mixture 
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Figure  21 .  Length  change  of  GL  mixture 
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Figure  22.  Length  change  of  Gi\l  mixture 
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Figure  23.  Length  change  of  KL  mixture 
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Figure  25.  Length  change  of  PL  mixture 
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Figure  26.  Length  change  of  PN  mixture 
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Figure  27.  Average  length  change 
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MATERIAL:  ABC2 
SOURCE:  Kansas  Power  &  Light 

LOCATION:  St.  Marys,  KS 
PREPARED  FOR:  Billy  D.  Neeley 
SPECIFICATION:  ASTM  C  6-18 
PROJECT:  ABC  Corp.  Cement  Test 


REPORT  NO.:  WES  76C-94 

DATE:  9  Sep  94 

JOB  NO.:  VW8122S99601 1 1 A 


CHEMICAL  ANALYSIS 


RESULTS 


ASTM  C  618 
SPEC  LIMITS  "CLASS  C 


Moisture  content,  % 
Loss  on  ignition.  % 


3.0  max 
6.0  max 


PHYSICAL  TESTS 
Density,  Mg/m3 

Amount  retained.  45  ^um  sieve..  % 
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